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Medical  Laboratory,  are  presented.  The  analyses  support 
the  outline  specifications  and  construction  techniques 
proposed  for  this  facility. 
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SECTION  I 

INTRODUCTION 


This  report  summarizes  briefly  the  acoustical  analysis 
and  the  recommendations  for  noise  control  for  all  the  spaces 
comprising  the  Bio-Acoustics  Research  facility  for  the 
Aero  Medical  Laboratory  at  the  Wrlght-Patterson  Air  Force 
Base,  Dayton,  Ohio.  This  report  Includes  (a)  a  discussion 
of  the  establishment  of  the  acoustical  criteria  for  the 
various  critical  spaces,  (b)  the  establishment  of  noise 
reduction  requirements  for  all  wall  structures,  (c)  specifi¬ 
cation  of  wall  structures,  materials,  room  finishes  and 
dimensions,  and  (d)  general  recommendations  on  the  control 
of  noise  emanating  from  ventilating  systems.  In  addition, 
an  interpretation  of  the  program  requirements  is  presented 
upon  which  the  acoustical  analysis  was  based.  Considera¬ 
tion  has  been  given  in  this/  analysis  -not  only  to  the 
laboratories  of  this  facility  but  also  to  the  administrative 
areas,  v.  ,  ■ 

In  the  design  of  this  facility,  it  has  been'  necessary 
to  establish  some  basic  assumptions  on  the  maximum  exterior 
and  Interior  noise  levels  as  a  function  of  frequency  which  ; 

will  be  generated  in  and  around  the  building.  These  basic 
assumptions,  coupled  with  the  simultaneous  use  requirements  , 

and  desired  criteria  in  the  critical  test  areas,  have  been 
used  td  establish"  the  noise  reduction  requirements  between 
the  various  separate  areas.  The  simultaneous  use  require¬ 
ments  have  resulted  in  a  compact  grouping  of  the  test  areas  i 

in  order  to  permit  functional  operation  of  the  facility  as 
a  self-contained  entity.  These  requirements  have  necessarily  j 

Introduced  complexities  in  the  basic  structural  design  of  the  ’ 

facility.  "  .  | 

V.  .  ■  ■  -  •.  -  -  -  ---  """  ~  '  1 

While  many  of,  the  test  areas  similar  to  those  proposed  ; 

in  this  facility  have  been  constructed  in  isolated . cases,  I 

it  is. believed  that  this  is  the  first  attempt  to  consolidate 
all  of  these  facilities  into  a  single • structure .  It  is 
hoped  that  the  design  requirements  >as  set  forth  in  this  re¬ 
port  will  aid  in  the  planning  of  administrative  and  tech¬ 
nical  facilities  of  future  Air  Force  installations. 
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SECTION  II 


FUNCTION  OF  FACILITY 

The  primary  function  of  the  Bio-Acoustic  Research 
Facility  is  to  provide  a  suitable  structure  with  the 
special  equipment  necessary  to  conduct  a  research  and 
development  program  on  the  reduction  and  control  of  noise 
and  vibration  produced  by  operating  Air  Force  equipment. 

The  facility  has  been  planned  for  use  In  the 
performance  of  the  following  specific  functions: 

(l)  To  develop  a  system  which  will  control 

human  exposures  to  vibratory  energy  (noise 
and  vibration)  produced  by  operating  Air 
Force  equipment  and  facilities.  Development 
of  this) system  shall  include  previsions  to 
perform  all  research  and  development  neces¬ 
sary  td  reduce  and  control  vibratory  energy 
to  the  extent  required: 

(a)  to  prevent  human  exposure  to  hazardous 
vibratory  energy  levels; 

(b)  to  prevent  development  of  pathological 
states  in  exposed  personnel; 

(c)  to  prevent  producing  hazardous  physio¬ 

logical  reactions  among  exposed 
personnel;  IS, 

(d)  to  maintain  levels  of .vibratory  energy 
which  permit  effective  accomplishment- 

,i  of  necessary  functions  during  exposure; 

(e)  to  assure  that  vibratory  energy .levels 
are  acceptable  to  personnel  working  or 

■  ..residing  in  proximity  to  USAF  sources; 

\  ;  (f)  |to  maintain  vibratory 'energy  levels 

(produced  by  USAF  operations,  particularly 
flight  operations)  which  are  acceptable  to 
residents  of  communities  located  adjacent 
to  USAF  Air  Bases; 

(g)  to  insure  that  no  damage  occurs  to  the 
possession,  both  animal  and  real  estate, 
of  community  residents. 
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(2)  To  develop  equipment  and  techniques  to  control 
human  exposure  to  high  velocity  hot  gas  jets 
produced  by  jet  engines  and  rockets  so  that 
the  following  are  achieved: 

(a)  personnel  are  protected  from  excessive 
heat ; 

(b)  personnel  are  protected  from  blast  effects; 

(c)  personnel  are  protected  from  noxious  gases; 

(d)  control  of  vibratory  energy  Is  achieved 

to  the  maximum  extent  possible  in  confor¬ 
mance  with  the  primary  requirements , 

(3)  To  develop  criteria,  based  on  data  and  informa¬ 
tion  obtained  from  research  and  utilizing  the 
capabilities  of  the  equipment  and  procedures 
developed  that  will  provide; 

(a)  guides  for  planning  USAP  operations  and 
the  location  of  operational  facilities; 

(b)  guides  to  Air  Base  planning  as  related 
to  noise  and  vibration  problems; 

(c)  guides  to  estimating  and  evaluating 
community  response  to.  Air  Force  operations; 

(d)  methods  for  evaluating  action  taken  to 
achieve  noise  and  vibration  control. 

(4)  To  develop  equipment  and  techniques  to  control 
vibratory  energy  produced  by  operating  Air  Porce 
propulsive  devices  so  as  to  prevent  'structural' 
damage: 

” ■  (a)  to  air  frames  and  air  frame  components; 

(b)  to  otherv structural  elements  located 

adjacent  to  operating  aircraft  hr  aircraft 
if  "■  power  plants. 

Supporting  functions  of  this  research  building  are; 

(a)  to  provide  facilities  for  calibrating  acoustical  mea¬ 
suring  and  recording  equipment;  (b)  to-  assist  those  respon¬ 
sible  for  the  development  of  power  plants  and  the  operation 
of  power*  plant  test  facilities  to  provide  the  noise  control 
measures  necessary  for  personnel  protection  and  for  the 
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ESTIMATED  SPECTRUM  LEVELS  AT  EXTERIOR  WALL  SURFACES  OF  ANECHOIC 
CHAMBER  DUE  TO  B-52  FLYING  300  FT.  OVERHEAD  WITH  ALL  J-57  TURBOJET 
ENGINES  OPERATING  AT  MILITARY  POWER 


I 


protection  of  adjacent  communities ;  (c)  to  assist  various 
organisations  of  the  Air  Materiel  Command  in  providing 
adequate  noise  control  techniques  and  facilities  for  the 
protection  of  personnel  in  engine  test  cells,  flight  line 
maintenance  operations  and  aircraft  fabrication  and  repair 
facilities . 


SECTION  III 
ACOUSTICAL  ANALYSES 

The  acoustical  analysis  of  this  facility  has  been  :  ■ 

performed  witjh  two  primary  objectives  in  mind:  1 

(1)  To  provide  for  acceptable  ambient  sound 
pressure  levels  in  various  critical  spaces; 

(2)  To  provide  special  acoustic  properties  such 
as  controlled  reverberation,  "free-f ield" 

.  conditions,  diffuse  sound  field  conditions 
etc.  in  various  spaces. 

The  ambient  noise  levels  in  any  room  in  the  building 
will  result  from  noise  transmitted  into  the  space  from  out¬ 
side  the  building,  or  from  adjoining  rooms,  or  both. 

Another  Important  contributor  to  the  ambient  noise  levels 
will  also  be  mechanical  equipment.  .A  detailed  analysis 
of  the  mechanical  equipment  noise  problem  iS'  not  presented 
in  this  report  and  will  be  discussed  only  In  general  terms. 

■  II  !l  • 

The  maximum  exterior  noise  source  levels  to  be  con¬ 
sidered  as  governing  the  acoustical  requirements  for 
exterior  wall  isolation -are  assumed  to  be  those  produced 
by  a  B-52  aircraft  flying  over  the  facility  at  an  altitude  of 
approximately  300  f t .  The  B-52  is  powered  by  eight  J-57 
turbojet  engines  without  afterburner,  each  having  a 1  thrust 
of  approximately.,  10 ,000  lbs.  For  this  condition  the  estimated 
noise  levels  as  a  function  of  frequency  existing  over  "the 
exterior  surfaces  of  the  facility  are  plotted  in  Fig.  1  as 
spectrum  levels  in  decibels  re  0.0002  dyne/cm2  for  a  1  cps 
bandwidth.  The  equivalent  octave  band  levels  eorre spending 
to  these  spectrum  levels  are  also  listed  below  in  Table  I. 
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TABLE  I 


ESTIMATED  SOUND  PRESSURE  LEVELS  AT  EXTERIOR  WALL  SURFACES 
DUE  TO  B-52  FLYING  300  FT  OVERHEAD  WITH  EIGHT  J-5?  TURBO¬ 
JET  ENGINES  OPERATING  AT  MILITARY  POWER 


Frequency 

Sound  Pressu: 

Band 

in  decibels  re  0.< 

cps 

20-75 

119 

75-150 

123 

150-300 

127 

300-600 

127 

600-1200 

!25 

1200-2400 

122 

2400-4800 

"  117 

4800-10000 

113 

i  „  ••  •• 

The  noise1  reduction  requirements  for  the  roof  and  wall 
surfaces  of  each  of  the  spaces  under  consideration  are 
determined  by  comparing  the  estimated  .maximum  uncontrolled 
ambient  nd.i.se:.  levels' in  a  room  with,  the  applicable  criterion 
levels  for  the  room.  The  differences  In  decibels  as  a  func¬ 
tion  of  frequency  between  the  ambient  levels  and  the 
criterion  represent  the  noise  reduction  requirements.  Since 
the  intruding  noise  levels  as  well  as  the  criteria  differ 
from  room  to  room,  and  also  since  several  rooms  have  spe¬ 
cial  acoustical  requirements,  the  acoustical  analysis  of 
each  room  Is  discussed  separately  below.  7 


A.  Aneoholc  Chamber,  Room  1-1 

(l)  Functional  Requirements.  The  purpose  of  this  space 
is  to  conduct  research  or  development  programs  or  tesit 
experimentation  programs  under  conditions  simulating  free 
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space.  Anticipated  research  programs  will  include  hear¬ 
ing  studies  on  man  and  animals,  the  calibration  of  micro¬ 
phones,  the  study  of  the  acoustical  properties  of  jet  sound 
sources  and  the  calibration  and  standardization  of  all 
special  sound  sources  for  generating  very  intense  sound 
fields. 

(2)  Performance  Requirements.  Those  requirements 
governing  the  acoustical  performance  of  this  room  may  be 
stated  as  follows: 

(a)  Sound  pressure  levels  in  the  chamber 
will  "range  from  140  to  170  db  higher". 

(b)  Outside  noise  transmitted  into  the  chamber 
must  be, 1  "non-detectable  by  the  human  ear". 

(c)  All  Interior  room  surfaces  are  to  be  non¬ 
sound  reflecting  or  "anechoie". 

•'  '  .  .7 

(3)  Criterion  for  Ambient  Noise ■  The  problem  of 
establishing  a  criterion  for  ambient  noise  levels  based 
upon  a  non-objective  requirement  that  these  levels  be 
non-detectable  by  the  human  ear  is  a  difficult  one.  First 
of  all  there  is  the  problem  of  interpretation.  In  this 
respect  it  has  been  assumed  that  this  requirement  will  be 
satisfied  if  the  maximum  ambient  noise  levels  in  the  chamber 
lie  in  the  neighborhood  of  the  threshold  of  hearing  for 
continuous  noise  for  individuals  with  normal  hearing.  (The 
threshold  for  individuals  who  have  acute  hearing  may  be 
somewhat  less.)  Proceeding  on  the  basis  of  this  assumption 
one  is  then  Confronted  with  the  fact  that  the  threshold  of 
audibility  for  continuous  noise  has  not  been  measured . 
Therefore,  the  problem  becomes  one  of  utilizing  available 
data  relating  to  this  problem  to  determine  an  acceptable 
engineering  criterion. 

Some,  of  these  data  are  summarized  in  Fig.  2.  Curve  3 
is  a  modified  plot  of  the  American  Standards  Association 
minimum  audible  field  (MAF)  absolute  threshold  curve  for 
pure  tones  1/.  The  measured  threshold  which  was  obtained 
from  measurements  on  young  subjects  with  aoute  hearing 
has  been  modified  by  taking  into  account  the  masking 
effect  of  critical  bands  of  noise  on  pure  tones  to  approxi¬ 
mate  the  threshold  for  continuous  noise.  This  modification 
took  the  form  of  subtracting  from  the  pure  tone  threshold 
curve  the  critical  bandwidth  in  decibels  as  a  function 
of  frequency. 
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Another  approach  is  to  utilize  the  equal  loudness 
contours  for  bands  of  noise  250  to  300  mels  wide  as  mea¬ 
sured  by  Pollack  2/  on  highly  trained  observers.  The  lowest 
equal  loudness  contour  he  reports  is  one  for  a  loudness 
level  of  4  db.  Suitable  corrections  have  been  applied  to 
the  data,  which  were  measured  Just  beneath  the  cushion  of  an 
earphone,  to  convert  them  to  MAP  data.  In  addition  the  data 
have  been  converted  to  spectrum  levels  (since  the  measure¬ 
ments  are  presented  for  bands  of  noise).  The  resulting 
spectrum  is  shown  as  Curve  1  in  Pig,  2. 

Still  another  possibility  is  to  make  use  of  the  equal 
masking  data  of  Fletcher  and  Munson  £/  which  was  presumably 
measured  on  subjects  with  acute  hearing.  They  have  published 
contours  of  equal  masking  for  continuous  noise.  The  lowest 
contour  they  report  is  one  for  5  db  masking.  This  contour 
has  been  plotted  as?  Curve  2  in  Pig.  2  and  is  directly  com¬ 
parable  with  Curve £|  1  and  3  since  it  also  represents  MAP  data. 

It  is  clear  from  an  examination  of  Pig.  2  and  the  above 
discussion  that  there  are  several  ways  of  estimating  a 
suitable  criterion  applicable  to  this  problem.  Also,  there 
is  some  uncertainty  even  among  the  data  shown  in  Pig.  2  as 
evidenced  by  the  ±  5  db  or  more  spread  of  absolute  levels 
among  the  three  curves.  Therefore,  the  selection  of  a  crl- 
te/hion  that  will  be  completely  satisfactory  and  at  the  same 
time  economically  practical  can  not  be  easily  made .  However, 
for  engineering  design  purposes,  the  design  criterion 
utilized  in  the  analyses . of  this  report  is  shown  by  the 
upper  curve  of  Fig,  2,  labeled  "Design  Criterion". 

This  desigh  criterion  curve  was  ■determined  by  first 
averaging  Curves  1,  2  and  3  of  Pig.  2.  Since  the  data 
being  utilized  are  either  for  people  with  acute  hearing  or 
for  trained  observers ' this  average  curve  represents  a  lower 
bound.  Therefore,  to  obtain  a  criterion  of  "non-detectability" 
applicable  to  individuals  with  normal  hearing,  the  average 
curve  has  been  raised  by  1C  db.  This  amount  represents  the 
average  difference  in  normal  threshold,  as  specified  by  the  » 
American  Medical  Association,  and  the  threshold  for  well- 
trained  listeners  with  acute  hearing  who  were  used  in  the 
determination  of  the  JjlAF  threshold  in  a  laboratory. 

(4)  Free-Fleld  Requirement.  To  satisfy  the  performance 
requirement  "of  simulating  the  propagation  of  sound  in  a 
free-field  condition,  a  special  "anechoic  wedge"  construction 
has  been  shown  on  Fig.A-13,  The  design  of  this  wedge  has  been 
based  on  the  experimental  data  obtained  by  Beranek  and 
Sleeper  4/.  Individual  wedges  have  been  grouped  into  clusters 
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wedge  elusterecon8ists°of tnine^an  ^  in3taldation .  a 
square  bases.  The  total  rior  +  v,  3eParate  wedges  having  8  in 
»“k:  of  the  wedge  ls  5!  «>e  air  apafe  ^ 

"edge)  .  The  air  apace  Is  4  h/fl  ?„"ai7?UrfMe  to  tip  of 
base  length  of  7  3 %  ln  for Yi1 n-  behind  the  wedge,  a 

loogth  of  36  Inches?  f°r  the  wedSe  a  tapering 

refle?tl?rUls  plciLTrrc^l  !!oun6  Pressure 

Ihe  percentage  sound  pressure  .fedge  OOI>atruction  4/ 

hundred  times  the  ratlS  of  rtwjlf ion  ds  deflhod  as  o* 
the  Incident  sound  pressure  fnr>  ^ed  sound  pressure  to 
the  structure.  The  selection  of  tS  nn°rmally  incident  on 
sure  reflection  vs.  percentage  Percentage  sound  pres- 

a  more  desirable  ordinate  ener &  absorption  is 

100  per  cent  energj  absorot^n Vhe  reglon  between  99  and 
cent  pressure  reflection  ?esDect?^?8P°nlS  to  10  to  0  per 
percentage  sound  pressure  reflecting  usinS  the 

obtain  a,  more  sensitive  ind-tlfi? et±l on'  one  13  able  to 

highly  absorbent  structures  “V differences 
that  the  lower  cut  off  freauenov  can  be  seer> 

t ion  is  approximately  72  cos  fi-Lfnrathis  wedge  construc- 
greater  than  10  per  cent  below  thi«  eSSUre  Election  is 
represents  a  maximum  drop  of  frequency,  which 

specification  for  this  wed^  dt>)*  Plow  resistance 
This  requirement  is  met  byga  2  g&?h/Sf  qm^tely  10  rayls/ln. 
Piberglas.  it  should  h-  LfJrL1!?/**3  de«3lty  PP  / 
these  wedge  structures  is  based performance  of 
involving  plane  wave  propagation' ?r,e?P®£17ental  data 
Under  actual  operating  conditioning*  k  H*'  lmPedance  tube, 
tlon  in  the  anechoic  chflmhen  3  oP  spherical  wave  propaga- 
m  the  low  frequency  25t“Sf>  Vf?lation3  "ill  occur  ^ 

depending  on  the  source  and  if* i?  may  r*lse  to  100  cps 
the  boundary  surfaces.  ftS  looafcj-°n  with  respect  t,oP 

re quirement s  f or^the^al ' r  Jhe  nolse  reduction 
have  been  determined  by  subtract S^T  fhechoic  chamber 

levels  (see  Pig  p)  f«L  ;;;ractrn®-  the  design  criterion 
noise  levdls  (see  Pig,  1)  Thes*mUm  eftimated  exterior 
plotted  as  a  continuous  function  ofGfrprenien1::S  have  been 
(Curve  1).  it  la  seen  that  JJf  f  frecJP®ncy  in  Pig.  4 

is  of  the  order  of  60  db  In  the  reglnn^r"^3®  reductl°n 
to  a  value  greater  than  inn  hk  v,  oP  50  cps  and  rises 

degree  of  reduction  cS  oSy leTc^ J°S^°°  cps‘  Th S  ' 
isolated  double  wall  structure .  The  oompSi?e°Slefcel>r 
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FIG.  3  SOUND  REFLECTION  CHAR ACTERISTIC -ANECHOIC  WEDGE 
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FREQUENCY  fN  CYCLES  PER  SECOND 

FIG  4  COMPARISON  OF  NOISE  REDUCTION  REQUIREMENTS 

FOR  AN  ECHOIC  CHAMBER  WITH  ESTIMATED  REDUCTION 


J 


construction  selected  for  this  design  consists  of  two 
structurally  independent  12  in.  thick  poured  reinforced 
concrete  walls,  separated  by  a  4  in.  cavity  completely 
filled  with  a  glass  fiber  blanket.  Curve  2  of  Fig.  4 
is  a  plot  of  the  estimated  transmission  loss  of  this 
double-wall  structure  plus  some  noise  reduction  realized 
from  the  sound  absorption  within  the  room.  It  can  be 
seen  that  the  requirements  are  Just  satisfied  at  fre¬ 
quencies  below  4000  eps  and  exceeded  at  frequencies  above 
4000  cps .  Figure  5  shows  the  estimated  noise  spectrum  that; 
would  exist  inside  the  anechoic  chamber  for  the  maximum 
expected  exterior  noise  levels;  i.e.,  when  a  B-52  is  passing 
300  ft  overhead. 

The  above  analysis  is  summarized  in  Table  II  below 
on  an  octave  band  basis.  In  Column  2  are  listed  the 
exterior  noise  levels  (see  Table  I)  due  to  the  B-52  and  in 
Column  3  are  tabulated  the  criterion  levels  with  a  +  5  db 
spread.  Subtracting  Column  3  from  Column  2  results  in 
the  noise  reduction  requirements  as  listed  in  Column  4,. 

The  estimated  transmission  loss  of  the  recommended  double¬ 
wall  construction  is  shown  in  Column  5.  Column  6  shows  the 
estimated  reduction  due  to  room  sound  absorption.  The 
total  noise  reduction  is  a  summation  of  Columns  5  and  6 
and  is  listed  in  Column  7.  It  is  seen  that  the  requirements 
are  met  In  all  bands  except  the  150-300  cps  band  where  the 
deficiency  is  obis'-  1  db .  In  Column  8  is  listed  the  esti¬ 
mated  maximum  ambient  noise  spectrum  in  octave  bands. 

It  should  be  emphasized  that  these  are  maximum 
expected  levels.  Thus,  if  a  Jet  aircraft  powered  by  only 
one  J-57  turbojet  engine  passes  as  close  as  300  ft  from 
the  facility,  maximum  levels  expected  inside  the  chamber 
will  be  9  db  less  than  those  shown  in  Fig.  5.  For  normal 
ambient  levels^  outside  the  facility  comparable  to  those 
near  any  airport  or  air  base  the  interior  levels  will,  of 
course,  be  even  lower. 

The  transmission  loss  for  the  recommended  double-wall 
construction  foh  the  anechoic  chamber  has  beep  estimated 
in  the  following  manner:  At  frequencies  below  the  first 
resonance  of  the  single  cavity  construction,  it  may  be 
assumed  that  the  single  cavity  wall  behaves  like  a  single 
wall  of  the  same  combined  mass,  i.e.,  the  transmission 
loss  in  decibels  can  be  determined  from  the  well-known 
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FIG.  5  ESTIMATED  MAXIMUM  AMBIENT  NOISE  LB/ELS  IN  ANECHOIC  CHAMBER 
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random  incidence  mass  law  curve  f>/.  The  approximate  fre¬ 
quency  at  which  the  first  resonance  occurs  in  a  single 
cavity  construction  is  obtained  from  the  following  expres¬ 
sion: 


f 


o 


50 


+  m2 


where  mi  and  mg  are  the  surface  weights  of  the  respective 
walls  in  #/sq  ft  and  d  is  the  dimension  of  the  cavity  in  ft 

For  two  12  in.  concrete  walls  spaced  4  in.  apart  f0  is 
approximately  10  cps .  At  this  frequency  the  transmission 
loss  is  theoretically  zero.  However,  in  most  practical 
cases  the  transmission  loss  decreases  only  slightly  in  the 
vicinity  of  resonance.  In  the  frequency  range  above'  the 
first  resonance,  the  transmission  loss  increases  at  a  rate 
greater  than  the  5  to  6  db  per  octave  expected  for  a 
single  wall  of  an  equivalent  mass.  For  double  wall  struc¬ 
tures  it  has  been  found  that  this  increase  is  of  the  order 
of  12  db/octave  up  to  the  second  wall  resonance  which 
occurs  where  the  cavity  dimension  is  equal  to  one-half 
wavelength  in  air.  Above  this  second  resonance  which 
occurs  at  about  1600  cps,  values  of  transmission  loss  in¬ 
crease  at  least  5  to  6  db/octave  in  accordance  with  the  ran 
dom  incidence  mass  law  for  single  walls. 

Noise  source  levels  in  rooms  adjoining  the  Anec hole 
Chamber,  with  the  exception  of  ...a  high  intensity  pure  tone 
component  produced  by  a  siren  iii  the  Sound  Sources  Stage, 
are  not  expected,, to  exceed  the  exterior  noise  levels  , 

estimated  for  the"  low-flying  B-52 ,  Consequently,  the 
double-wall  structure  required  for- the  roof  and  walls  of 
the  anje choi c  chamber. will  be  more „ than  adequate  In  pro-, 
vidingi  nolBe  isolation  between  adjoining  rooms  and.  the 
chamber .  However,  the.  simultaneous  u  sis ;  re  qul  re  me  h  t  of  the 
Sound  Sources  Stage  (for  experimental  work  in  the  coupled 
reverberation  rooms )  and  the  Aneohoic  Chamber"  will  be 
difficult  to  satisfy  If  a  Siren  is  In  operation  in  the 
Sound  Sources  Stage  as  a  sound  source  for  the  coupled 
reverberation  rooms  due  to  back  radiation  of  sound  from 
the  siren.  This  problem  may  be  solved  by  scheduling  of 
operations . 


"!l 
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(6)  Ventilating  System.  While  the  acoustic  design 
for  the  ventilating  system  fs  not  covered  in  detail  In 
this  report.  It  Is  nevertheless  difficult  to  avoid  con¬ 
sidering  it  in  the  preliminary  design  stages.  To  minimize 
the  possibility  of  additional  noiBe  sources  contributing 
to  the  ambient  levels  in  the  chamber,  a  separate  air 
conditioning  unit  system  ha3  been  specified  to  supply  and 
return  air  on  a  closed  circuit  fop  the  chamber  only.  Suf¬ 
ficient  space  provisions  have  been  made  in  the  mechanical 
equipment  penthouse  for  installing  acoustical  treatment 
required  for  the  attenuation  of  expected  noise  levels  from 
the  fan  and  compressors  of  the  air  conditioning  unit.  Access 
panels  Should  also  be  Incorporated  in  the  system  for  chang¬ 
ing  air  filters  in  the  ductwork.  The  specific  acoustical 
design  for  this  system  cannot  be  made  until  final  selection 
of  the  units  has  been  made  by  the  architect  engineer. 

It  should  be  pointed  out  that  the  acoustical  design  of 
the  ventilating  system  is  very  important  in  realizing  the 
ambient  levels  as  represented  by  the  ambient  noise  design 
criterion  (see  Pig.  2).  It  is  suggested,  therefore,  that 
plans  be  made  to  provide  the  architect  with  the  services  of 
acoustical  consultants  in  arriving  at  the  proper  acoustical 
design  for  this  system. 

It  has  be'qn /'established  in  the  program  that  there  will 
be  experiments  conducted  which  involve  introduction  of  high 
velocity  air  streams  into  the  Anechoic  Chamber.  The  duct¬ 
work  required  for  human  comfort  ventilating,  shown  in 
Pigs.  ASQ  through  A-22is  not  capable  of  discharging  these 
high  velocities.  Correspondingly,  a  specially  designed 
system  has  been  incorporated  which  exhausts  to  atmosphere. 
This  system  has  been  detailed  on  'Pig.  A-10.  it  will  be 
capable  of  discharging  the  expected  air  volumes  and  will 
simultaneously  provide  the  required  sound  attenuation  neces¬ 
sary  to  satisfy  the_deslgn  criterion,  When  the  high  velocity 
air  system  is  not  in  use,  it  is  proposed  that  the  opening 

be  closed  as  shown  in  the  detail  labeled . "Removable  Kalamien 

Panel".  j  ■  ■  •  v . 

B .  Studio  -  Room  0-3 

. (l)  Punctional_Requirements .  This  area  includes 

Rooms  0-3,“ '0-l‘  and  0-2  and  will  be  used  for  conducting  experi¬ 
ments  on  voice  communication  and  the  physiology  of  human 
speaking. 
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(2)  Performance  Requirements . 


(a)  Diffusion .  To  realize  the  optimum 
acoustical  performance  in  a  studio, 
particularly  in  regard  to  a  non- 
discriminating  monaural  pickup,  it 
is  desirable  that  the  room  have  a 
nearly  equal  distribution  of  sound 
pressure  throughout  its  volume  to  pro¬ 
vide  a  uniform  transmission-frequency 
characteristic.  Irregularity  in  the 
nodal  patterns  caused  by  standing  and 
stationary  waves  {produced  by  outward 
and  backward  traveling  waves  which  add 
in  magnitude)  is  highly  desirable. 

Particular  attention  should,  therefore, 
be  given  to  the  room  dimensions  and  gross 
shaping.  Maximum  randomization  of  the 
reflected  sound  energy,  particularly  In 
the  speech  bands,  by  the  use  of  specially 
designed  sound  diffusing  panels  is 
mandatory. 

' 

(b)  Reverberation .  Variable  reverberation 
characteri s t I  c  s  are  required  to  simulate 
many  possible  acoustical  environments  for 

"  experimental  studies  on  speech  articulation. 
Provisions  should,  therefore,  be  made  for 
flexibility  in  placement  and  amount  of 
sound1]  absorptive  material  so  that  the  results 
will  bot  only  yield  variable  reverberation,, 

8  ■  but  additional  diffusion.  The  basic  room 

,, 5 . .  shall  have  no  sound  absorbing  material  so 

that  maximum  reverberation  time  may  be 
realized. 

u  _  _ •  .  • .  , 

-  4i  .  V  :  ‘ 

(3)  Criterion  for  Ambient  Noise,  "To  provide  for  am¬ 
bient,  noise,  levels  in  the  sfcuclib  Vhat'  will  permit  the  satis¬ 
factory  use  of  the,  studio  as  specified  above,  the  same  ,r 
criterion  employed  in  the  Anechoic  Chamber  has  been  selected. 

(4)  Noise  Control  Analysis.  The  most  critical  exterior 
noise  levels  expected  to  be  encountered  during  the  operation 
of  the  studio  are  those  shown jpiofeted  in  Pig.  1  (and  listed 
in  Table  I)  due  to  a  B-52  aircraft  flying  at  approximately 
300  ft  altitude.  Therefore,  the  noise  reduction  requirements 
for  the  exterior,  wall  of  the  studio  are  similar  for  the 
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anechoic  chamber  and  can  only  be  satisfied  by  a  double¬ 
wall  construction.  This  construction  consists  of  a  12  in. 
thick  dense  concrete  exterior  wall  separated  by  a  4  in. 
cavity  containing  a  glass  wool  blanket  from  a  structurally 
isolated  8  in.  dense  concrete  inner  wall.  The  estimated 
values  of  transmission  loss  of  this  double-wall  structure 
are  slightly  less  than  those  for  the  double-wall  structure 
recommended  for  the  anechoic  chamber.  Nevertheless,  this 
double-wall  structure  will  be  adequate  because  the  exterior 
wall  of  the  studio  will  be  retaining  earth  for  most  of  its 
height,  thereby  reducing  somewhat  the  noise  reduction  re¬ 
quirements  of  the  outer  wall.  *■ 

The.  double-wall  structure,  even  if  it  retains  earth 
for  its,  ‘complete  height,  prevents  any  possible  ’’short 
circuiting"  condition  that  would  exist  in  the  case  of  a 
single  wall.  With  a  single  outer  wall,  airborne  and  struc¬ 
ture  borne  vibrations  could  excite  the  exterior  wall  above 
grade  and  enter  the  studio  by  flanking  through  the  founda¬ 
tion  wall.  The  double-wall  permits  the  studio  to  be  comr 
pletely  isolated  from  this  possible .flanking  .path . 

A  double-wall  construction  has  also  been  used  for 
the  interior  walla,  roof  and  floor  of  the  studio.  This 
structure  consists  of  two  8  in.  thick  reinforced  concrete 
leaves  separated  by ,a  4  in.  space  with  a  glass  wool  blanket 
filler.:,  The  sound  Isolating  characteristics  pf  this  double¬ 
wall  will  provide  a  high  degree  of  noise  and  Impact 
isolation  between  the  studio  and  adjbinlng  spaces.  The 
estimated  values  of  transmission  lost*  for,  this  construction 
are  listed  In  Column  2  of  Table  III,  \  i  In  Column  3  Is 
tabulated  the  design  criterion.  Adding  Columns  2  and  3 
results  in  the  maximum  levels  (Column  4)  permissible  in 
spaces  adjoining  the  studio  with  the  recommended  double- 
wall  structure .  It  is  seen  that  ihe  octave  band  noise 
levels  are  109  db  or  higher  in  all  bands.  •;  ' 

■  ..  '  ■  ii  "  ..... 

(5)  Special  Acoustical  Design. 

(a)  Frequency'’  Transmission  Characteristics  and 
Diffusion.^  'ideally,  optimum  design  of  a 
studio  would  yield  a  maximum  of  sound  dif¬ 
fusion  so  that  there  would  be  no  sound 
pressure  variation  from  point  to  point 
measured  in  the  room  volume  at  a  given  time . 
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TABLE  III 

MAXIMUM  PERMISSIBLE  LEVELS  IN  SPACES  ADJOINING  THE  STUDIO 
WITH  RECOMMENDED  DOUBLE-WALL  STRUCTURE  FOR  WALLS,  ROOF  AND 

FLOOR  OF  STUDIO 


1 

2 

3 

4 

Frequency 

Band 

Estimated 
T.L.  of  Two 

8"  Concrete 
Walls  4" 
Apart 

DeBign 

Criterion 

Maximum 
Permissible 
Levels  in 
Adjoining 
Spaces 

cps 

db 

db 

db 

20-75 

54 

62-5 

116  -  5 

75-150 

67 

47-5  ' 

114  5 

150-300 

79 

35-5 

114  ±  5 

300-600 

91 

25  -  5 

116  -  3 

600-1200 

98 

18  t  5 

116  -  5 

1200-2400 

99 

15  -  5 

114  -  5 

2400-4800 

96 

13-5 

109  -  5 

4800-10000 

105 

22  i  5 

127  -  5 

i  "  '  ' 

Practically,  this  is  not  possible.  The 
_  ../  .  variables  which  establish'  limits  of  dif- 

*  fusion  as  a  function  of  frequency  are: 

. 

II)  Volume  of  room 
2)  Dimension  ratios  11 

3)  Sound  scattering" elements 
introduced  on  the  boundary 

1  surfaces  and  in  the  room  volume 

y  (4)  Distribution  of  sound  absorbing 

and  sound  reflecting  Materials  . 
u  which  affect  reverberation. 

Special  considerations  have,  therefore, 
been  given  to  the  studio  dimensions  in 
achieving  the  optimum  frequency  transmission 


I  ■)  '■ 
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characteristics  at  low  frequencies.  The  di¬ 
mensions  of  this  room  (20  ft  x  28  ft  x  13  ft) 
supply  the  dimensional  ratios  of  1  to  1.54  to 
2.15.  It  may  be  seen  from  Fig.  6a,  after 
Bolt  6/j  that  this  falls  within  the  area 
enclosed  by  the  curve  which  represents  the 
smoothest  low  frequency  response  (minimum 
degeneracies  and  maximum  spacing  between 
nodal  planes).  From  Fig.  6b,  for  the  room 
volume  of  7,280  cu  ft,  it  can  be  seen  that 
the  valid  frequency  range  in  which  this  re¬ 
sponse  exists  is  -  30  cps  to  90  cps.' 

To  achieve  the  diffuse  field  conditions 
above  the  frequency  ranges  where  dimensional 
ratios  and  gross  shaping  are  predominant 
contributors,  it  is  necessary  to  introduce 
sound  scattering  elements  into  the  boundary 
surfaces.  The  effect  of  reflected  wave 
propagation  relative  to  the  sound  scattering 
elements  may  be  briefly  stated  as  follows: 

(1)  If  the  dimensions  of  the  scattering 
element  are  very  much  less  than  the 
wavelength,  a  minor  effect  on  the 
wave  front  propagation  will  result, 

(2)  If  the  dimensions  of  the  scattering 
element  are  comparable  to  the  wave¬ 
length,  a  complex  diffraction  of  the 
wave  front  will  result. 

(3)  If  the  dimensions  of  the  scattering 
element  are  much  greater  than  the 
wavelength,  the  reflection  of  the 
wave  front  will  be  governed  by  the 
limiting  case  of  geometrical  optics. 

Therefore,  a  •series  of  specially  de¬ 
signed  trapezoidal  concrete  panels  shown  in  ■? 
Figs. ■  A-l4  and  A- 14a  have -been  incorporated 
into  the  four  walls  and  ceiling  structure. 

The  sound  diffusing  panels  vary  in  horizontal 
and  vertical  dimension  from  6  in.  tb  11  ft  6  in. 
in  multiples  of  two,  four  and  six  inches,  and 
vary  in  depth  from  1  in.  to  12  Inches.  These 
panels  will  furnish  diffusion  in, the  frequency 
range  above  100  cps.  The  spacing  irregularity1 of 
the  panels  and  the  irregular  patterno  of  pro¬ 
jection  into  the  room  will  provide  additional’ 
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CURVE  ENCLOSES  DIMENSION  RATIOS 
GIVING  SMOOTHEST  FREQUENCY 
RESPONSE  AT  LOW  FREQUENCIES  IN 
SMALL  RECTANGULAR  ROOMS. 

(A) 
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diffusion  in  higher  frequency  ranges  due  to 
the  edge  effects  of  the  panels.  Additional 
high  frequency  diffusion  is  also  achieved 
by  the  two-inch  spacings  between  the  separate 
panels  and  irregularities  due  to  construction. 

(b)  Reverberation  Control.  Figure  7  shows  two 
curves  which  represent  the  maximum  and  mini¬ 
mum  reverberation  times  as  a  function  of 
frequency  attainable  in  the  studio.  This 
variable  reverberation  is  achieved  In  the  fol¬ 
lowing  manner:  on  the  east  wall  of  the  studio 
a  storage  facility  (detailed  in  Fig.  A-l4)  has 
been  provided  for  movable  sound  absorbing 
panels.  These  panels  are  12  ft  0  in.  high 
(floor  to  ceiling) ,  3  ft  0  in,  wide,  and  2  in. 
thick  with  a  glass  wool  blanket  filler  faced 
with  open  wire  mesh.  A  single  door  permits 
access  to  this  space  in  the  center  of  the  east 
wall  and  a  removable  track  section  is  then 
placed  in  the  door  to  permit  the  panels  to  be 
roiled  out  into  place .  These  panels  are 
mounted  on  a  single  full  swivel  suspension 
from  the  overhead  track.  When  all  of  the 
panels  have  been  roiled  from  their  storage 
position  and  set  in  place  on  the  four  walls, 
the  resulting  reverberation  time  as  a  function 
of  frequency  will  be  that  indicated  by  the 
lower  curve  on  Fig.  7»  When  the  panels  are 
in  their  .stored  position,  the  estimated 
resulting  reverberation  from  the  bare  con¬ 
crete  room  is  represented  by  the  upper  curve 
in  Fig.  7.  It  is  evident,  therefore,  that 
the  flexibility  provided  by  these  movable 
sound  absorbing  panels  permits  the. achieve¬ 
ment  of  any  reverberation  time  shown  within 
the  boundary  limits  of  the  upper  and  lower 
curves  of  Fig.  7. 

The  reverberation  characteristics  of 
the  studio  have  been  calculated  using  the 
classical  formula  of  Sabine  with  the  Norris- 
EyrJ.ng  correction  and  including  air  absorp¬ 
tion  in  addition  to  the  boundary  absorption  Jj , 
The  equation  is  as  follows: 


\  ’  t 

■y 

*  jr 
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100  1000  10,000  2QOOO 

FREQUENCY  IN  CYCLES  PER  SECOND 

FIG.  7  ESTIMATED  RANGE  OF  REVERBERATION  TIMES  FOR  STUDIO,  ROOM  0-3 


_  .049  V _ 

3  log  (-J—  )  +  4  m  V 
c  1  -  a 

w  Reverberation  time  in  seconds 

=  Volume  of  room  in  ft 
2 

=  Area  in  ft 

-  Average  absorption  coefficient  of  the 
boundary  surfaces  at  a  particular  fre¬ 
quency 

=  Absorption  coefficient  of  air  at  a 

specified  relative  humidity  and  frequency. 

Prom  the  above  expression  one  finds  that  the 
maximum'  reverberation  time  in  the  lower  and 
middle  frequency  range  (80  cps  to  1000  ops)  is 
limited  by  the  hardness  and  non-porous  char¬ 
acteristics  of  the  boundary  surfaces.  Below 
80  cpa  the  reverberation  time  is  not  expected 
to  continue  to  increase  due  to  the  viscous 
damping  of  structural  vibrations.  The  reaction 
of  the  room  to  the  very  low  frequencies  is 
peculiar  to  the  dimensions,  shape  and  struc¬ 
ture  .  The  unique  construction  of  the  trape¬ 
zoidal  masses  on  the  walls  and  ceiling, 
coupled  with  the  structural  isolation  of  the 
room  from  the  building  rtiass  makes  predictions 
,  in  the  very' low  frequency  range  virtually 

Impossible  within  any  degree  of  engineering 
accuracy ,  Above,  1000  cps,  the  maximum 
reverberation  time  is  primarily  controlled  by 
.  -  the  air  absorption.  Values  of  air  absorption 
used  in  the  calculations  discussed  above  are 
based  on  a  relative  humidity  of  70  per  cent, 
which  is  a  practical  design  standard  from  the 
standpoint  of  human  comfort  and  climate  control 

(6)  Ventilating  System.  To  insure  that  the  ambient 
noise  design  criterion  levels  will  not1’  be  exceeded  by  ventilat 
ing  noise,  specially  designed  sound  attenuating  devices  should 
be  installed  in  the  ventilating  system  servicing  the  supply 
and  return  air  to  the  studio.  Precautions  should  also  be 
taken  against  sound  originating  in  adjoining  spaces  and  being 


T 


R 


T, 

V 

S 

a 


R 


m 


25  - 


WADC  TR  55-154 


transmitted  through  the  duct  and  the  duct  wall  enroute 
and  thence  into  the  studio.  Sound  isolation  will,  therefore, 
be  required  between  the  duct  system  servicing  the  studio  and 
potential  sources  of  noise  intrusion. 

Preliminary  design  considerations  have  been  given  to 
the  ventilating  system  servicing  the  studio.  The  special 
sound  attenuating  structures  shown  on  the  supply  and  return 
system  in  Pig.  A~20do  not  represent  final  design  recommenda¬ 
tions  but  are  intended  only  to  serve  the  purpose  of  indicat¬ 
ing  that  some  special  sound  attenuating  structures  will  be 
required.  It  should  be  pointed  out  that  the  noise  generated 
by  the  air  handling  units  in  this  system  will  be  the 
principal  contributing  factor  to  ambient  sound  pressure  levels 
in  the  studio. 


C. 


(1)  Functional  Requirements.  This  area  will  house 
noisy  ope  rat ions  and  mac  h £ ne  ry .  It  will  be  used  to  operate 
and  to  store  the  special  sound  generators  (sirens,  air  jet 
generators  and  others)  used  with  the  anecholc  chamber  and  the 
coupled  reverberation  rooms.  Provisions  shall  be  Incorporated 
in  the  room  design  to  permit  noise  generating  equipment  to  be 
rolled  into  place  at  required  openings  into  rooms  1-1  and  1-23. 
The  sound  source  accessory  area  room  0-24  will  be  used  to 
house  air  compressors,  motor  .generators  and  qompressed  air 
storage  tanks  to  be  used  for  the  special  sound  generators  and 
other  equipment , 

(2)  Tfcnformance  Requirements .  No  specific  acoustic 
performance  requirements,  for  example,  free  field  conditions, 
diffusion,  etc.  are  required  in  the  sound  sources  stage. 

(3)  During  inactive  and  preparatory  operation  time  of 
this  spaoe,  a  design  criterion  for  speech  communication  of 
SC-45  has  been  selected  8/.  This  criterion  is  tabulated  in 
Table  IV.  The  number  45  refers  to  the  speech  Interference 
level,  which  is  the  arithmetic  average  in  decibels  of  the  " 
sound  pressure  levels  in  the  three  octave  bands,  600-1200  cps, 
1200-2400  cps,  and  2400-4800  cps.  In  an  SC-45  environment  it 
is  possible  to  carry  on  a  relaxed  conversation  and  communi¬ 
cate  in  a  normal  voice  at  10  feet. 

During  operational  periods  where  high  intense  sound 
fields  will  be  generated  while  conducting  an  experiment,  the 
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Sound  Sources  Stage  and  Associated  Work  Area  (Rooms  1-25 
and"S'^4') - ® ~ - - - 


back  radiation  of  sound  energy  from  the  sirens  or  air  jet 
streams  will  produce  Intense  sound  fields  in  the  sound 
sources  stage  Itself.  Precautions  should, therefore,  be  taken 
during  operation  of  this  space  against  personnel  exposure 
to  high  intensity  sound  fields  for  prolonged  periods. 


TABLE  IV 

SC-45  DESIGN  CRITERION  FOR  SOUND  SOURCES  STAGE 
Frequency  Band  Sound  Pressure  Level 


cps 

db 

20-75 

78 

75-150 

68 

150-300 

60 

300-600 

53 

600-1200 

48 

1200-2400 

44 

2400-4800 

42 

4800-10000 

41 

(4)  Noise  Control  Analysis.  The  acoustical  require¬ 
ments  of  ndise  isolation  are  'concerned  primarily  with  con¬ 
taining  the  high  intensity  noise  levels  generated  in  the 
sound  sources  stage  itself.  It  has  been  assumed  that  the 
noise  levels  occurring  in  the  exterior  vicinity  of  the 
facility  because  of  noise  generated  in  the  sound  sources 
stage  should’ not  exceed  an  SC-50  criterion.  These  criterion 
levels  are  listed  in  Column  2  of  Table  V.  The  estimated 
transmission  loss  of  the  recommended  double-wall  construction 
is  shown'  in  Column  3.  The  double-wall  consists  of  two 
separate  leaves  of  12  in.  poured  reinforced  dense  concrete 
separated  by  a  4  in .  space  completely  filled  with  a  glass 
wool  blanket.  In  addition,  the  entire  ceiling  of  the  sound 
sources  stage  is  to  be  covered  with  a  4  In.  thick  sound 
absorbing  blanket  of  4.25  lb/ft3  density  PF  Fiberglas.  This 
ceiling  treatment  will  provide  a  reduction  of  noise  levels 
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as  a,  function  of  frequency  In  the  reverberant  field  as 
listed  in  Column  4  of  Table  V.  Adding  Columns  2,  3  and  4 
results  in  the  maximum  permissible  noise  levels  (Column  5) 
which  can  exist  at  the  inside  face  of  the  exterior  wall  of 
sound  sources  stage  if  the  noise  levels  outside  the  facility 
are  not  to  exceed  SC-50.  It  is  seen  that  these  maximum 
levels  range  from  145  to  168  db. 

It  is  assumed  that  instruments  for  generating  noise 
in  the  sound  sources  stage  will  produce  pure  tones  having 
a  sound  pressure  level  of  140  to  170  db  or  higher.  Prom  a 
study  of  Table  V,  especially  Column  5j  it  would  seem  that 
levels  in  excess  of  168  db  could  not  be  generated  without  the 
risk  of  producing  levels  adjacent  to  the  facility  in  excess 
of  the  design  criterion.  However,  at  these  proposed  high 
intensities  the  sound  close  to  the  source  will  undergo  ex¬ 
cessive  attenuation  due  to  the  non-linear  properties  of  the 
propagating  medium  (air) .  Therefore,  although  sources  will 
be  employed  to  generate  levels  of  140  to  170  db  or  higher, 
it  is  estimated  that  the  levels  just  inside  the  exterior 
wall  will  not  exceed  those  levels  listed  in  Column  J5  of 
Table  V.  s , 

:  •  «  ■■■  ' 

With  the  proposed  double-wall  construction  the 
ambient  noise  levels  in  the  sound  sources  stage  due  to  the 
B-52  passing  overhead  will  not  exceed  the  design'1  criterion 
of  SC-45.  “ 

The  high  intensity  sound  produced  in  the  sound  sources 

stage  will  be  directed .either  into  the  anechoic  chamber  or . 

the  coupled  reverberation  spaces.  The  lnstrumerits  producing 
the  sound  will  be  sealed  around  their  perimenter  to  the  • 
appropriate  openings  of  the  adjoining  spaces.  There  will!:  be 
some  back  radiation  from  these  devices  that  is  difficult  5 
to  predict,. and  if  occupancy  1b  to" be  maintained  during  test 
operations,  it  may  be  desirable  to  give  further  study  to 
enclosing  these'  instruments  to.  reduce  the  levels  in  the  room 
itself. 

The  interior  walls,  roof ,  and  floor  of  the  sound  sources 
stage  are  also  of  double-wall  construction  to  provide  a 
maximum  degree  of  sound  isolation  for  adjoining  spaces  dur¬ 
ing  operation  of  the  noise,  generating  equipment  in  the  sound 
sources  stage.  The  estimated  values  of  transmission  loss 
for  the  recommended  double-wall  construction  are  the  same 
as  those  listed  in  Column  5  of  Table  II  on  page  15.  It  is 
seen  that  the  estimated  transmission  loss  for  this  construc¬ 
tion  exceeds  70  db  in  the  75-150  cps  and  higher  octave  bands. 
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This  conforms  to  a  basis  requirement  that  the  transmission 
loss  of  the  walls  for  this  room  be  at  least  70  db  in  the 
75-150  cps,  15O-3.OO  ops  and  3OO-6OO  cps  octave  bands,  and 
higher  at  higher  frequencies. 

(5)  Ventilating  System.  Inasmuch  as  the  sound  sources 
stage  is  the  principal  area  for  the  generation  of  high  in¬ 
tensity  sound  fields,  the  supply  and  return-air  unit  air 
conditioners  that  service  the  sound  sources  stage  and  air 
compressor  space  have  been  Isolated  from  the  mechanical 
equipment  spaces  which  service  the  other  rooms  in, this 
facility.  It  is  felt  that  the  additional  expense  involved 

in  the  design  and  construction  of  a  special  sound  attenuating 
structure  on  the  exterior  wall  is  warranted  by  eliminating 
the  possibility  of  sound  transmission  through  a  normal  exposed 
duct  system  to  the  rooms  requiring  low  ambient  noise  levels 
in  the  facility.  ;l  ,, 

In  the  design  of  this  special  sound  attenuating 
structure  on  the  exterior  wall,  it  has  been  assumed  that  the 
sound  sources  stage  and  air  compressor  space  shall  be  used 
simultaneously.  In  the  event  that  this  is  not  airways  the 
case,  the  introduction  of  sound  to  either  of  the  Inoperative 
spaces  when  one  is  in  operation  should  not  present  any 
further  acoustical  problems,  providing  the  doors  to  both 
spaces  are  tightly  dosed.  *  .  • 

(6)  Equipment  Openings  ■  Figure  A-17  indicates,  in  detail 
the  necessary  provisions  for  sealing  the  required  openings 
in  the_ east  and  west  wall  of  the  sound  souroes  stage.  The 
removable  panels  which  constitute  the  closure  are  constructed 
of  sand-filled  cellular  steel  or  aluminum  core  with  sheet 
steel  facings  bonded  to  the  core .  These  panels  are  securely 
gasketed  on  their  entire  perimeter  by  means  of  a  double  gasket 
system  of  different  rubber  durometers,  and  pulled  up  tight 

by  means  of  bolts  on  the  panel  frame.  The  use  of  small  5 
panels  provides  ease;"of  handling  and  a  variable  opening  size. 

D .  Coupled  Reverberation  Room  Area  (Rooms  1-23  and  1-24) 

(1)  Functional  Requirements.  The  coupled  reverberation 
rooms  will  be  used- Yor  testing  sound  control  structures  for 
human  and  animal  experiments  requiring  intense  uniform  sound 
fields  and  for  evaluating  the  transmission  loss  of  wall 
structures  to  be  used  in  USAF  facilities^  Rooms  1-21  and  1-22 
serve  as  control  and  recording  equipment  (rooms  and  as  a 
record  analysis  area.  V 
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(2)  Performance  Requirements ■  The  acoustical  performance 
requirement's  for  the  evaluation  of  transmission  loss  of  walls 
require  the  use  of  two  rooms  and  an  Intervening  test  panel 
opening.  The  locations  of  the  sound  source  employed  during 
transmission  loss  tests  on  wall  panels  will  be  either  in  the 
reverberation  room  1-23  or  in  the  wall  opening  to  the  sound 
sources  stage.  The  test  panel  or  the  test  wall  is  inserted 
in  the  7  ft  by  8  ft  opening  between  the  coupled  reverberation 
spaces.  The  average  sound  pressure  level  is  then  measured  in 
both  rooms  at  a  number  of  different  positions.  In  room  1-23 
the  sound  pressure  level  is  measured  in  the  reverberant  region 
of  the  room. 


f 


In  room  1-24  (the  receiving  room)  the  sound  pressure 
level  is  either  measured  by  averaging  the  sound  pressure  level 
over  the  entire  volume  of  the  room,  or  by  averaging  it  in  a 
plane  parallel  to  and  very  near  the  test  panel.  To  obtain, 
insofar  as  possible,  a  minimum  deviation  in  the  sound  pres¬ 
sure  levels  in  room  1-23,  it  is  necessary  that  standing  and 
stationary  wave  patterns  be  randomized  by  the  introduction  of 
non-parallel  walls  and  diffusing  panels.  This  is  of  parti¬ 
cular  importance  in  room  1-23  where  the  volume  measurement 
technique  will  be  employed  to  determine  the  average  sound 
pressure  level  in  the  room.  Developments  in  the  experimental 
procedure  for  the  evaluation  of  transmission  loss  of  panels 
indicate  that  measuring  the  average  sound  pressure:  level  in  a 
plane  parallel  to  and  very  near  the  test  panel  with  consider¬ 
able  sound  absorption  .in  the  receiving  space  (1-24)  yields 
the  best  results^/.  Provisions  should,  therefore,  be 
incorporated  in  room  1-24  for  the  introduction  of  sound 
absorbing  panels  when  desired . 

•  H  "•  '  .  ..  .  •  •  :  . . 

(3)  Criterion  for  Ambient  Noise .  Per  proper  use  of 

these  spaces  i't  has  been  assumed  that  the  .  ambient  noise 
levels  Bhould  not  exceed  the  design  criterion  employed  in  the 
acoustical  analysis  of. ...the  anechoic  'chamber  and  -the  studio. 
These  criterion  levels  are  plotted  in  Fig...  2  and  are  tabulated 
in  Column  3  of  Table  II  on  page  If?.  '  ““  ~  ~ 

(4)  Noise  Control  Analysis.  Since  'the  ambient  nbise 
/  design  criterion  is  the  same  as  selected  for  the  anechoic 

chamber  and  since  the  maximum  exterior  noise  levels  to  be  con¬ 
sidered  are  those  from  the  B-52,  the  noise  reduction  require¬ 
ments  for  the  exterior  wall  of  the  coupled  reverberation  area 
are  those  listed  in  Column  4  of  Table  II  on  page  15.  The 
recommended  double-wall  construction  of  12  in.  of  poured 
concrete,  a  4  in.  space  filled  with  a  glass  fiber  blanket, 
and  8  in.  of  poured  concrete  will  adequately  satisfy  the 
requirements  in  all  octave  bands  except  the  150-300  cps  band 
where  the  deficiency  is  only  of  the  order  of  3  to  ,5  db . 
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The  design  of  the  interior  walls  and  roof  of  these 
spaces  Is  based  on  two  primary  considerations:  (l)  the 
containment  of  high  intensity  levels  in  room  1-23,  and  (2)  the 
need  for  reducing  the  noise  levels  transmitted  from  the  sound 
sources  stage  to  room  1-24  to  the  ambient  noise  criterion  dis¬ 
cussed  above.  The  recommended  double-wall  constructions  for 
these  interior  walls  (combinations  of  two  8  in.  walls  spaced 
4  in,  apart,  or  a  12  in.  wall  spaced  4  in.  away  from  an  8  in. 
wall,  or  two  12  in.  walls  spaced  4  in.  apart,  where  the  4  in. 
space  in  each  case  is  completely  filled  with  a  glass  fiber 
blanket)  will  satisfy  these  requirements.  These  walls  will, 
in  general,  provide  the  required  transmission  loss  of  TO  db 
in  the  75-150  cps,  150-300  cps,  300-600  cps  and  higher  values 
at  higher  frequencies. 

The  possibility  e,xists  that  the  simultaneous  use  of  the 
anechoic  chamber  and  coupled  reverberation  spaces  may  be 
somewhat  limited  when  intense  sound  fields  are  being  generated 
in  the  anechoic  chamber,  due  /to  the  back  radiation  from  the 
noise  generating  equipment  located  in  the  'sound  sources  stage. 

(5)  Reverberation  Control  and  Diffusion .  1  In  room  1-23 
(source  room)  the  interior  wall  and  ceiling  surfaces  are  both 
highly  sound  reflecting  and  sound  diffusing.  A  special 
metallic  hardener  admixture  in  the  concrete  finish  will  pro¬ 
vide  the  walls  and  ceiling  of  the  room  with  a  low  average 
sound  absorption  coefficient.  The  required  diffusion  is  ob¬ 
tained  by  the  use  of  specially  designed  panels  shown  in 
detail  in  Pig.  A- 18a 

In  the  performance  requirements  above,  it  was. pointed 
out  that  new  measuring  techniques  may  be  employed  in  the  „ 
receiving  room  for  the  measurement  of  transmission  loss,  char¬ 
acteristics  of  wall  panels.  These  techniques  will  not 
require  a  high  degree  of  sound  diffusion  in  the  receiving 
room,  but  will  require  variable  reverberation  characteristics. 
In  Pig.  A- 3  a  series  of  movable  sound  absorbing  panels  are 
shown  in  a  stored  position  on  the  west  wall.;  These  panels 
are  to  be  rolled  into  place  against  the  walls  when  measure¬ 
ments  are  to  be  taken  requiring  a  non-re verberant  room. 

Since  the  walls  of  both  rooms  are  non-parallel,  no 
accurate  prediction  based  on  statistical  data  can  be  made 
relative  to  the  low  frequency  response  of  each  room.  It  is 
estimated,  however,  that  adequate  randomness  will  exist  in 
the  normal  frequencies  of  the  room.  The  possibility  of 
flutter ' echoes  has  also  been  eliminated. 
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(6)  Tentllatlng  System.  In  order  that  the  ambient 
noise  design  criterion  selected  for  these  spaqes  be  satis¬ 
fied,  it  is  strongly  recommended  that  provisions  be  made 
for  the  inclusion  of  specially  designed  sound  attenuating 
devices  in  the  supply  and  return  air  systems. 

To  prevent  the  entrance  of  sound  into  the  duct  system 
where  the  ducts  penetrate  spaces  other  than  the  reverbera¬ 
tion  rooms,  for  example,  the  hall,  and  the  control  and 
recording  rooms,  the  entire  ceiling  below  these  ducts  has 
been  structurally  detached  from  the  duct  work.  This  ceiling 
consists  of  a  1  in,  thick  hard  finished  plaster.  Air  Con¬ 
ditioning  System  No.  2  which  supplies  and  returns  air  to 
the  coupled  reverberation  rooms  also  serves,  in  addition 
to  these  spaces,  the  ear  protection  devices,  the  control  and 
recording  rooms,  and  the  general  physics  laboratory.  Typical 
sound  attenuating  structures  have  been  shown  in  the 
diagrammatic  air  conditioning  layout  in  Pig.  A -21  to  prevent 
the  passage  of  sound  to  and  from  the  ear  protection  devices 
test  rooms  and  the  physics  laboratory  into  the  duct  work 
servicing  the  coupled  reverberation  spaces.  The  design 
layout  shown  in  these  drawings  represents  only  a  simple 
diagrammatic  solution  indicating  the  need  for  further  study 
in  this  area. 

1  • 

..•i  .. 

.  :(  .1 

E.  General  Physics  Laboratory  Arfea,  Rooms  0-20-21-22-23 

(1)  Functional  Requirements.  This  entire  ai-ea  will  be 
used  for  general  experiments'  in " physical  acoustics,  for  the 
test  and  evaluation  of  experimental  equipment,  and  for  high 

frequency  equipment  calibration. 

*  '  *  • 

It  is  also  expected  that  high  energy  transient 
acoustical  sources,  such  as  explosions  or  shock  tubes, 
will  be  used  in  these  spaces. 

(2)  Performance  Requirements .  No  specific  requirements 
for  acoustic  performance  is  required  In  this  room  other  than 
standard  noise  reduction  treatment  to  provide  a  satisfactory 
acoustical  environment.  The  adjoining  rooms,  0-22',  0-23 
and  0-21,  that  are  to  be  used  as  experimental  equipment 
control,  testing  and'  high  frequency  calibration,  will  be 
used  as  secondary  testing  areas  for  the  general  physics 
laboratory.  Special  provisions  for  instrument  leads,  test 
panels,  and  recording  equipment  shall  be  incorporated  in  the 
general  physics  laboratory  for  the  purpose  of  recording 
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experimental  work  in  the  adjoining  rooms.  Special  con¬ 
sideration  should  be  given  to  the  high  frequency  calibration 
space  in  order  to  obtain  a  nearly  free-field  condition  in 
the  frequency  range  above  5,000  cps. 

(3)  Criterion  for  Ambient  Noise.  The  criterion  for 
ambient  noise  levels  in  these  spaces  has  been  chosen  as  SC-35 
This  criterion  will  permit  relaxed  conversation  at  normal 
voice  levels  in  all  parts  of  the  room.  The  sound  pressure 
levels  in  octave  bands  for  this  criterion  are  listed  in 
Table  VI. 


TABLE  VI 

SC-35  DESIGN  CRITERION 


Frequency 

Sound  Pressure  Level 

Band 

cps 

.  db 

20-7.J5 

68 

75-150 

58 

150-300 

50 

300-600 

43 

600-1200 

38  •  ' 

1200-2400; 

34 

2400-4800 

32 

4800-10000 

31 

(4)  Noise  Control  Analysis .  The  maximum  anticipated 
exterior  sound  pressure  levels“to  be  encountered  during 
normal  operation  of  this  facility  will  be  those  due  to  the 
B-52  as  discussed  in  a  previous  section,.'  These  levels  are 
plotted  in  Fig.  ,1  and  listed  in  Table  I  on;,  page  6.  The 
estimated ;sound  -pressure  levels  in  the  adjoining  air  com¬ 
pressor  space  (oh  the  west  wall  of  the  physics  lab)  are 
shown  in  Table  VII.  No  valid  prediction  c4n  be.  made  at  this 
time  of  the  airborne  noise  to  .be  generated' in  rooms  1-19 
and  1-20  located  directly  above  the  physics  laboratory.  It 
is  not  expected,  however,  that  these  noise  levels  will 
exceed  those  in  the  air  compressor  space. 
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WADC  TR  55-154 


TABLE  VII 


AIR  COMPRESSOR  SPACE-ESTIMATED  SOUND  PRESSURE  LEVELS 


Frequency 

Band 

Sound  Pressure 
Level 

cps 

db 

20-75 

.86 

75-150 

93 

150-300 

86 

300-600 

90  . 

600-1200 

90 

1200-2400 

90 

2400-4800 

90 

4800-10000 

87 

The  entire  general  physics  laboratory  has  been  placed 
below  grade  with  double-wall  construction.  The  structure 
provides  more  noise  isolation  from  the  exterior  levels  than 
is  required  to  satisfy  the  SC- 35  criterion.  This  selection 
was  made  to  satisfy  the  requirement  for  a  minimum  trans-  " 
mission  loss  of:  70  db  (in  the  75-150  cps,  150  to  300  cps, 
and  300-600  cps  frequency  bands,  with  greater  attenuation  in 
the  frequencies  above  600  cps)  and  to  maintain  constructional 
integrity  with  the  double-wall  structure  specified  for 
contiguous  areas. 

Sound  absorption  within  rooms  0-20,  0-22,  and  0-23  in 
the  form  of  acoustic,  tile  cemented  directly  to  a  suspended 
plaster  ceiling  has  been  recommended  for  control  of  noise 
originating  in  these  'areas. 

3  ■■ 

The  high  frequency  calibration  space,  room  0-21,  has 
as  an  additional  performance  requirement,  that  of  providing 
an  essentially  free-field  boundary  condition'  for  frequencies 
in  excess  of  5000  op3.  To  achieve  this  condition,  all 
boundary  surfaces  of  the  room,  including  the  floor  are 
finished  with  a  4  in.  thick,  layer  of  4  1/4  lb  per  cu  ft 
PF  type  Fiberglas .  j 
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(5)  Ventilating  System.  Special  sound  attenuating 
treatments  should  be  provided  In  the  ducts  serving  these 
spaces  in  order  that  the  SC-35  design  criterion  is  not 
exceeded . 

Simultaneous  use  o.f  the  General  Physics  Laboratory  and 
the  high  frequency  calibration  space  should  be  avoided  when 
explosive  noise  sources  are  used  in  the  former. 

The  ventilating  system  for  the  high  frequency  calibra¬ 
tion  space  requires  special  sound  absorbing  baffles  in  both 
the  supply  and  return  air  ducts.  A  possible  configuration 
for  the  duct  work  which  permits  the  Installation  of  required 
ductliner  lias  been  shown  in  Pig.  A-20* 


P.  Noise  Protective  Equipment  Design  Area 

;  •;  y 

(1)  Functional  Requirements.  This  area  is  located  on 

the  first  floor  and  consists  of  rooms  1-19*  1-20,  1-21  and  $  ;/  . 

1-22.  It  will  be  used  for  the  design  and  testing  of  equip-  ./ 

ment  to  protect  man  from  intense  noise.  Rooms' 1-19  and  1-20  ; 

are  the  test  areas,  and  rooms  1-21  and  1-22  are  the  control  \ 

and  recording  rooms.  Rooms  1-21  and  .1-22  are  also  used  In  .  ! 

conjunctions  with  the  coupled  reverberation  rooms,  1-23  and  «  "<  ' 

i-24.  ’i : ,  _  ,  '  -  ;  |  ■; 

(2)  Performance  Requirements.  The  varied  operations  <  ] 

that  wlll“5ccur  in  these  test  rooms  require  the  need  for  two  ;  ■ 

distinctly!; different  acoustical  environments.  It  is  required, 

therefore, ;  that  two  separate  test  facilities,  one  reverberant  -j  1 

and  the  other  non-reverberant,  be  provided  for  maximum  flexi-  .  .  ;  .  ■  ■;  , 

bility  under  varying  operating  conditions.  "  |  i 

■  ■■  •  ■■  ■  ■  “  %  ■■■■  \ 

(3)  Criterion  for  Ambient  Noise.  In  order  to  provide  -■  l  . 

maximum  latitude  for  performing  tests  in  rooms  1-19  and  1-20,,'  3  - 

the  ambient", sound  pressure  levels  should  not  exceed  the  I  I  ; 

"non-detectable"  design  criterion  shown  in  Fig.  2.  The  SC-3’5  ...•$■■ 

criterion  listed  in  Table  VI  on  page  34  was  chosen  as  a  1  I 

design  criterion  for  rooijns  1-21  and  1-22.  This,  criterion  |  : 

provides  a  suitably  low  slymblent  noise  level  for  personnel  , .  s  „ 

operating  the  recording  and  measurement  equipment-.  -  «  '  1 

(4)  Noise  Control  Analysis .  The  estimated  maximum  \  >,  | 

exterior  sound  pressure  Revels  and  the  interior  ambient  noi'se 

level  criterion  for  this,  space  are  the  same  as  described  in  . 
the  noise  control  analysis  for  the  anechoic  chamber.  The 
determination  of  the  wall,  requirements  for  these  rooms  follows 
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that  for  the  anechoic  chamber.  The  recommended  exterior 
double-wall  structure  for  this  space  consists  of  an  8  in. 
thick  poured  concrete  wall.,  a  4  in .  air  space  with  glass 
wool  filler,  and  a  12  in.  exterior  wall  of  poured  concrete. 

This  structure  will  satisfy  the  design  criterion  for  rooms 
1-19  and  1-20  in  all  bands  except  the  150  to  300  cps  band 
(where  the  deficiency  is  only  of  the  order  of  3  dbj . 

For  achieving  the  SC-35  criterion  in  the  control  and 
recording  rooms  1-21  and  1-22,  it  has  been  necessary  to 
continue  the  double-wall  construction  to  the  Interior  walls 
for  the  purpose  of  "containing"  the  noise  within  the  ear 
protection  test  facilities.  This  double  construction  has 
been  utilized  in  the  floor  of  both  test  spaces  for  contain¬ 
ing  and  excluding  noise  to  and  from  the  physics  laboratory 
and  high  frequency  calibration  spaces  directly  below. 

A  double-wall  structure  was  not  recommended  for  the 
exterior  wall  of  room  1-22  because  it  was  felt  that  the 
occasional  passage  of  a  B-52  would  not  hinder  operations  in 
rooms  1-22  and  1-21  since  the  SC-35  criterion  would  be 
exceeded  only,  for  very  short  periods  of  time. 

The  separate  requirements  of  reverberant  and  non- 
reverberant  conditions  call  for  two  separate  test  spaces  with 
appropriate  interior  finishes  to  provide  the  desired  reverbera¬ 
tion  characteristics .  The  interior  finish  of  room  1-19 
consists  of  exposed  concrete  for  the  four  walls  and  the  floor, 
and  a  suspended  1  in.  thick  hard  plaster  ceiling. 

it  -  •  >  ‘  •> 

A  non-reverberant  condition  is  achieved  in  room  1-20 
by  an  Interior  finish  of  a  4  in .  thick  sound  absorbing  blanket 
of  4  ,'1/4  lb/ft3  PF  Fiberglas  applied  to  the  walls  and  to  the 
1  in.  thick  plaster  suspended  ceiling.  The  floor  is  coyered 
by  rubber  tile.  • 

(3)  Ventilation  System.  Particular  attention  should  be 
given  to  the  design  of  adequate,  sound  attenuating  treatment 
in  the  ventilating  ducts  serving  these  rooms.  “  . 

In  Fig.  A -2 1  a  possible  configuration  is  shown  for;, 
achieving  the  desired  noise  reduction  between  the  ear  pro-, 
tection  test  spades  durihg  simultaneous  use.  This  system  ' 
consists  of  two  specially  designed  baffle  .arrangements  in  the, 
supply  and  return 'systems  providing  a  maximum  run  of  duct 
within  practical  limitations  for  incorporating  sound  absorb¬ 
ing  lining.  Special  design  features  have  also  been  incorporated 
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by  the  introduction  of  the  separate  baffle  systems  for 
achieving  the  desired  attenuation  between  the  coupled 
reverberation  spaces  and  the  control  and  recording  rooms 
for  the  ear  protection  test  spaces.  It  should  be  noted  that 
the  baffle  arrangement  shown  in  the  ceiling  of  the  janitor's 
closet,  room  1-18,  is  a  two-layered  system  so  that  the  supply 
and  return  operate  from  completely  independent  baffled 
arrangements.  Further  study  should  be  given  to  a  more  de¬ 
tailed  analysis  of  the  specific  acoustical  requirements  for 
this  duct  work. 


G .  Audiometry  Area  ^ 

(1)  Functional  Requirements.  4'his  area  is  located  on 
the  basement  floor  and  include  s'  rooms  0-6,  0-7*  0-9  and  0-10. 
It  will  be  used  for  research  on  human  hearing  and  the  effect 
of  noise  on  the  bar  and  the  hearing  mechanism. 

(2)  Performance  Requirements .  No  speciajl  design 
considerations  ’(with  the  'exception  of  the  composite  double 
floated  construction)  such  as  room  shaping  and  spe'cial  soufrd 
absorbing  finishes  are  required  for  these  spaces. 

(3)  Criterion  for  Ambient  Noise.  The  precision  mea¬ 

surement  technique,  used  in  clinical  audiometry'  dictates  the 
selection  of  an  ambient  noise  criterion  for  rooms  0-6,  0-7 
and  0-9  equal;  to  the  "non-de-tfectable"  design  criterion 
Shown  in  Fig.  2  and  tabulated  in  octave  bands  in  Column  3 
of  Table  II  on  page  15.  *  \  j 

In  robin  0-10  the 'ambient  noise  requirement  is!  not  as 
stringent  as  in  rooms  0-6,  0*J  and  0-9 .  To  provide  a 
suitably  low  background  noisl  environment  for  perabnnel 
operating  recording  and  measurement  equipment  in  this  space, 
a  design  criterion  of  SC- 35  has  been  selected.  This 
criterion  is  listed  in  octave  bands  in  Table  VI  on  page  34. 

(4)  Noise  Control  Analysis .  The  noise;  reduction 
requirements  for  the*  exterior  wall  of  room  0-6  will  be 
approximately  the  same  as  thdse  listed.  In  Column  4  of 
Table  II  on  page  15  since  the  design  criterion  and  the  maxi¬ 
mum  exterior  levels  are  the  same  as  considered  in  that 
analysis.  The .recommended  double-wall  construction  of  12  in. 
of  poured  concrete,  a  4  in.  space  filled  with  a  glass- fiber 
blanket,  and  8  in.,  of  poured  concrete  will  adequately  ' 
satisfy  the  requirements  in  all  octave  bands  except  the 
150-300  cps  band  where  the  deficiency  is  only  of  the  order 
of  3  to  5  db. 
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The  transmission  loss  of  the  recommended  exterior 
wall  will,  in  general,  satisfy  the  requirement  of  a  70  db 
wall  as  described  in  previous  sections.  This  requirement 
also  dictates  the  choice  of  a  double-wall  construction  for 
the  interior  walls  of  rooms  0-6,  0-7  and  0-9. 

The  exterior*  wall  of  the  Audiometric  Records  room,  0-10, 
has  been  recommended  to  be  of  single  construction  of  12  in. 
of  poured  concrete.  This  wall  will  provide  adequate  isola¬ 
tion  from  normal  exterior  noise  levels  to  satisfy 'the  design 
criterion  for  this  space  of  SC-35.  During  the  occasional 
passage  of  a  B-52  300  ft  overhead  the  noise  levels  in  this 
space  will  exceed  the  SC-35  criterion  levels.  However,  it  is 
felt  that  these  transient  increases  in  noise  level  will!  not 
hinder  operations  in  this  space  and  consequently  do  nipt 
warrant  a  double-wall  construction.  j 

To  reduce,  as  much  as  possible,  structure-borne  vibra¬ 
tions  and  impact  noises  caused  by  footfalls  in  the  office 
areas  above  the  audiometric  testing  area,  we  have  recom¬ 
mended  that  the  ceiling  of  the  separate  test  Spaces'!  be 
lowered  by  a  clear  distance  of  4  ft.  The  additional  space 
which  this  measure  provides  permits  ease  of  access  to  duct 
runs  for  supply  and  return  air  required  for  the  rooms . •  A 
suspended  plaster  ceiling  1  in.  thick  has  been  recommended 
for  the  entire  audiometric  record  space  to  reduce  the  trans¬ 
mission  of  sound-,  from  this  area  into  the  duct  work  eh  route 
and  thence  into  the  test  spaces  through  the  register  openings. 

Although  the  performance  requirements  for  these  spaces  , 
as  described  above  do  not  specify  any  need  for  individual 
room  shaping  or  diffusion,  etc.,  it  is  recommended  that  the 
walls  and  ceiling  of  each  of  the  test  aread  be  finished  in 
a  1  in,  thick  standard  perforated  acoustic  tile  to  provide 
general  noise  reduction.  *  # 

*  "  |  .  ;  ' 

(5)  Ventilation  System .  In  Pig.  A-20a  possible  con¬ 
figuration"  of  ventilation  "duct  work  is  shown  that  provides 
a  maximum  run  with  a  minimum  of  three  90-degree  b&nds  for 
the  incorporation  of  sufficient  sound -  absorbing  tre.atnjent  to 
satisfy  the  design  criteria  in  these  spaces.  Special  con¬ 
sideration  should  be  given  to  acoustical  treatment  in  the 
duct’s  that  join  test  rooms  to  prevent  "short  circuiting.'1:. j 
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Administrative  Laboratory  and  Control  Areas 


r) 


(l)  Performance  Requirements.  Although  the  acoustical 
performance  requirements  of  ther"Iaboratory,  administrative , 
and  control  areas  are  not  as  stringent  and  as  complex  as  the 
test  areas,  some  attention  has  been  given  to  their  separate 
acoustical  environments.  A  discussion  of  the  design 
requirements  follows: 

(a)  Exterior  Walls .  It  was  established  during 
the  initial  phase  of  planning  that  a  sound 
transmission  loss  of  45  db  in  the  frequency- 
bands  of  75-150  cps,  150-300  cps,  and  300- 
600  cps  would  be  adequate  for  all  exterior 
walls.  From  the  random  incidence  mass  law, 
lt  'iwas  determined  that  a  wall  having  a  mass 
of ;  140  #/sq  ft  would  be  required  to  meet 
this  criterion.  The  most  economical  method 
for  achieving  this  mass  is  a  poured  reinforced 
cohcrete  wall  having  a  thickness  of  12  in. 

;  1  ■  ;l 

It  was  further-  established  that  any  : 

penetrations  of  the  exterior  wall  for  fenestra¬ 
tion  purposes  would  be  undesirable  bince  the  t 
resulting  decrease  in  the  required  iljiass  per  , 

unit  area  would  materially  reduce  its  sound 
isolating  properties,  f  1 

(b)  Interior  Walls.  A  structural  design  employ-  j 

lng  "a  conventional  column  and  beam  construe-  j 

tion  is  not  easily  adapted  to  the  unique 

acoustical  requirements  of  this  facility.  For  2 

this  reason^  an  integrated  wall  bearing  struc-  ■- 

tural  system  has  been  designed  wfyioh  not  only  > 

satisfy  the  complex  requirements ; of  double-wall  ] 

construction  and  tiers  of  floated  rooms  (for  ,  .  i 

the  test  area)  but  also  will  be  economically  l* 

practicable  and  acoustically  adequate  for  ; 

noise  isolation. 

".  ..  #  .  •.!  • 

A  transmission  loss  of  40  db  is  required  .3 

for  walls  between  adjoining  rooms  in  the  non-  f 

critical  areas  to  assure  adequate  privacy. 

In  order  to  meet  this  criterion  in  the  75-  ” 

15 0  cps  band,  as  previously  discussed,  the  wall 
must  have  a  surface  weight  of  approximately 
95  lb/sq  ft.  The  most  economical  construction 
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for  achieving  this  mass  is  an  8  in.  thick 
poured  reinforced  concrete.  This  wall  con¬ 
struction  has  been  used  throughout  the 
administrative  and  laboratory  areas  of  the 
facility . 

The  use  of  movable  partitions  for 
laboratory  and  office  areas,  while  permit¬ 
ting  some  flexibility  in  the  use  of  space*, 
would  introduce  some  serious  sound  isolation 
problems  between  adjoining  rooms.  The  degree 
of  flexibility  of  these  partitions  depends 
upon  their  lightweight  panel  construction 
for  ease  in  erection  and  dismantling.  Since 
the  effective  isolation  of  sound  in  air  is 
achieved  by  massive,  impervious  .single  or 
multiple  construction,  it  can  be  seen  that 
air  leaks  through  joints  at  panel  intersec¬ 
tions  combined  with  their  lightweight  render 
this  type  of  construction  unsuitable  in  this 
facility.  Investigation  of  several  pre¬ 
fabricated  movable  partitions  Indicated  that 
a  deficiency  of  15  to  20  db  existed  in  the 
transmission  loss  requirements  as  specified. 

(c)  Floors .  The  transmission  loss  between 
adjoining  roofiiB  of  4o  db  in  the  critical 
frequency  range  described  under  the  interior 
wall  'requirements  is  also  applicable  to 
adjoining  rooms  located  one  above  another. 

To  meet  this  requirement,  the  first  floor 
construction  mu^t  \have  a  surface  weight  equi¬ 
valent  to  that  of  the  interior  walls  (  95  Ib/sq 
ft) .  In  addition;  to  the  requirements  of  air-  I 
borne  noise  isolation,  precautions  have  been’ 
taken  to  reduce  the  impact  transmission  caused 

j  by  footfall  and  rolling'  stock  from  the  free- 
field  measuring  deck  to  the  first  floor  ind  . 
from  the  first  floor  to  the  basement  level .  * 
Since  bare  concrete  has  an  Impact  transmission 
approaching  unity  {zero  transmission  loss),  ; 
a  resilient  pad  of  glass  fiber  1;  in.  thick 
has  been  sandwiched  in  the  first  floor  floor 
construction  a3  a  decoupling  system. 

Fluor  construction  in  the  non-crifcical 
test  areas  consists  of  a, 6  in,  structural  con¬ 
crete  slab  and  a  2  in.  floated  concrete  slot 
separated  by  the  resilient  pad . 
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A  similar1  construction  has  been  employed 
in  the  free-field  measuring  deck  to  satisfy 
airborne  sound  isolation  requirements  and  impact 
transmission  to  first  floor  areas. 

(2)  Criterion  for  Ambient  Nolae.  To  provide  for  ambient 
noise  level's  in  the  non-critical  test  areas  that  will  permit 
the  satisfactory  use  of  telephone,  and  relaxed  conversation 
at  distances  up  to  10  ft,  a  design  criterion  of  SC-45  has 
been  selected.  This  criterion  is  tabulated  in  Table  IV  on 
page  27 . 

(3)  Ventilating  System.  During  normal  operation  of 
this  facility,  when  the  estimated  exterior  noise  levels  are 
not  in  excess  of  SC-50,  the  ventilating  system  will  be  the 
principal  noise  contribution  in  the  non-critical  areas.  Pro¬ 
visions  should  therefore  be  made  in  the  duct  work  from  the 
point  of  takeoff  of  the  fan  to  incorporate  the-  necessary 
sound  attenuating  treatment  to  meet  the  SC-45  criterion. 

Duct  layouts  between  adjoining  and  more  remote  areas  served 
by  the  same  system  should  provide  space  for  sound  absorbing 
lining  and'  additional  bends  as  required  to  reduce  the  possi¬ 
bility  of  room  to  room  transmission.  A  possible  configura¬ 
tion  for  the  duct  work  servicing  the  two  floors  is  shown 

on  Figs.  A-20  through  A- 22, 

(4)  Doors.  In  Fig.  A-14,  two  alternate  methods  are 
shown  for  achieving  an  airtight  closure  on  doors  in  non- 
critical  test  areas.  The  requirements  for  ;sound  isolation 
do  not  ..  Justify  the  use  of  special  "soundproof"  doors  in 
these  rooms. 


•I 
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APPENDIX  I 


COST  ESTIMATE  OP  ACOUSTICAL  TREATMENT 

The  following  represents  a  best  estimate  of  the  cost 
of  various  acoustical  treatments  required  for  the  proposed 
research  facility.  The  figures  were  obtained  through 
conferences  with  various  acoustical  materials  manufacturers 
and  acoustical  contractors.  The  figures  include  cost  of 
material,  installation,  and  fabrication  and  shipment  of  any 
special  units  such  as  anechoic  wedges  and  sound  absorbing 
panels  from  a  point  of  fabrication  such  as  Cambridge, 
Massachusetts  to  Dayton,  Ohio. 


Load-bearing  glass  fiber  material  in 

double  floor  construction  .  $42,000 

Non-load-bearing  glass  fiber  material 
in  double-wall  and  ceiling 
construction  . 10,000 

Glass  fiber  material  in  resilient 

floor  construction  . . .  4,500 

Anechoic  Room  treatment  including 

stretched  cable  floor  .  60,000 

Special  air  Intake  and  exhaust  systems 
for  Anechoic  Room  (1-1)  and 
Rooms  (0~24  and  1-25)  . .  2,000 

Glass  fiber  sound  absorbing  treatment  ...  5,500 

Standard  acoustical  tile  sound 

absorbing  treatment  . 5.000 


TOTAL  ......  .".  .$128,500 

It  should  be  noted  that  costs  of  acoustical  treat¬ 
ment  for  the  Heating  Ventilating  and  Air  Conditioning  Sys¬ 
tem  (with  the  exception  of  the  special  air  intake  and 
exhaust  systems  for  the  Anechoic  Room  and  Rooms  (0-24) 
and  (1-25))  and  the  various  mechanical  systems  are  not 
included  in  the  above  estimate.  Until  the  above  systems 
are  designed,  it  is  difficult  to  predict  the  extent  of  the 
acoustic  treatment  required  and  hence  the  cost  of  such 
treatment. 
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The  series  of  figures  presented  in  this  appendix 
are  reproductions  of  the  drawings  originally  submitted 
with  the  acoustical  recommendations  for  the  Bio-Acoustic 
Research  Facility. 

The  reproduction  of  the  original  drawings  has  been 
done  on  a  reduced  scale.  Therefore,  the  indicated  dimen 
sions  should  be  employed,  and  the  figures  should  not  be 
scaled . 


f 

!j 
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RESEARCH  FACILITY  -  AERO  "MEDICAL  LABORATORY  —  BIOACOUSTICS 
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